INFLAMMATION AND CANCER
The immune system is composed of a large variety of cells and mediators that interact in a complex and dynamic network to protect the host against foreign pathogens and to simultaneously maintain tolerance toward self-antigens. This system is categorized into innate and adaptive immunity, both of which are key participants in generating acute and chronic inflammatory responses. Innate immune cells, such as macrophages, NK cells, and dendritic cells (DC) are the first line of defense against a foreign pathogen. These cells maintain tissue homeostasis by continuously monitoring the environment for signs of distress and are critical for the activation and modulation of the specific adaptive immune response. The adaptive immune cells such as T cells express antigen-specific receptors and generate diverse antigen recognition, stimulating B cells and ensuing acute or chronic responses dependent on the duration of the antigenic stimulus. Activated, adaptive immune cells and other immune-related components in turn activate other cells of the immune system and thereby enhance the inflammatory response to enable pathogen clearance.
In most instances, the inflammatory response is beneficial to the host; however, when tissue homeostasis is chronically perturbed, interactions between innate and adaptive immune cells can be disturbed. Altered interactions between the innate and adaptive immune cells can lead to chronic inflammatory disorders. The failure to appropriately engage and/or disengage the immune system can lead to excessive tissue remodeling, loss of tissue architecture from excessive cell growth, apoptosis/necrosis, and oxidative stress-related protein and DNA alterations. Under some circumstances, these effects can lead to an increased risk of cancer development.
The association between immune cells and cancer has been known for quite some time [1] . The relationship between these processes is currently the subject of intensive research and is a wide-ranging and complex association as evidenced by the greater than 17,000 manuscripts found in a PubMed literature search for "inflammation AND cancer." It was initially thought that leukocyte infiltrates around a lesion represented an attempt by the host immune system to eradicate the tumor cells. This is true in some cases, such as the observed favorable prognosis associated with excessive infiltration of macrophages and NK cells in human gastric and colon carcinomas [2, 3] . However, in many other malignant tissues, such as human breast carcinoma and lung adenocarcinoma, infiltrates of macrophages and mast cells, respectively, have been associated with an unfavorable prognosis [4 -8] . Population-based studies have shown that individuals who are prone to chronic inflammatory disorders have an increased risk of cancer development [9] . In fact, genetic polymorphisms that encode crucial immune-related genes have been identified as etiological factors in chronic inflammatory disorders. In addition, 15% of human cancers are associated with infectious agents such as Helicobacter pylori and hepatitis viruses, which can promote carcinogenesis through the induction of chronic inflammatory states [10] . In immune-competent mice, which lack key mediators of host immune defense such as IFN-␥ or GM-CSF, the spontaneous development of various types of cancer has been observed in tissues that exhibit low levels of chronic inflammation [11] . Epidemiological studies report that inhibiting chronic inflammation in patients with premalignant disease or in those who are predisposed to cancer development is chemopreventive. For example, anti-inflammatory drugs such as aspirin or selective cycloxygenase 2 inhibitors can significantly reduce cancer risk [12] . In sum, these findings and multiple others are indicative of a causative link between inflammation and cancer [13] .
One component of the immune system that molds the host response to foreign pathogens is cytokines, which are secreted or membrane-bound proteins that regulate the growth, differentiation, and activation of immune cells. Cytokines are released in response to a diverse range of cellular stresses including infection, inflammation, and carcinogen-induced injury. These proteins are generally grouped into two categories, proinflammatory or anti-inflammatory, although several cytokines do not fit specifically into either category. In fact, many cytokines have pleiotrophic functions, and some can act in a synergistic manner. Several cytokines, particularly those produced by CD4ϩ Th cells, are defined as Th1 or Th2 and are comprised mainly of ILs. Th1 cytokines (e.g., IL-1␣, IL-1␤, IL-2, IL-12p35, IL-12p40, IL-15, and non-ILs, e.g., TNF-␣ and IFN-␥) are generally referred to as proinflammatory, and the Th2 cytokines (e.g., IL-4, IL-8, IL-10, and IL-5) induce anti-inflammatory responses. Cytokines normally function to stimulate a host response aimed at controlling cellular stress and minimizing cellular damage. The failure to resolve an injury can provoke excessive immune cell infiltration and lead to persistent cytokine production. Therefore, the host response to stress provokes changes in cytokine expression, which can impact several stages of cancer formation and progression.
The liver hosts many cell types that are susceptible to the actions of cytokines. Hepatocytes bear a variety of cytokine receptors such as IL-1, TNF-␣, and IL-6. Nonparenchymal cells, such as the resident liver macrophages (Kupffer cells), not only synthesize many cytokines, but the actions of these immune cells can also be affected by the cytokine environment. Liver sinusoidal endothelial cells are also targets and producers of various cytokines. NKT cells are generally increased in chronically infected livers and produce profibrotic cytokines (IL-4 and IL-13) [14, 15] . Cytokines have therefore been implicated in liver development and regeneration but may also contribute to the pathogenesis of liver-related diseases such as cirhossis, fibrosis, and cancer.
The effect of cytokine function on tumorigenesis and progression is complex as a result of the pleiotropy and apparent redundancy of cytokine action. Despite this, many experiments have begun to elucidate the complex associations between cytokines and tumors. In this review, we discuss the emerging evidence in which cytokines play a role in hepatocellular carcinoma (HCC) and suggest that manipulation of cytokine balance can potentially be exploited for cancer therapy.
INFLAMMATION AND HCC
As mentioned above, many cancer types have been linked to aberrant immune responses [8, 13, 16, 17] . One such cancer is HCC, which is one of the most common and aggressive human malignancies worldwide [18] . Patients with HCC usually survive for a period of less than 1 year after diagnosis. Although surgery remains the most effective approach to intervene in HCC, a majority of HCC patients is still ineligible for surgical intervention [19] . For those who do qualify for surgery, the consequent improvement in long-term survival is only modest, as a result of the high rate of recurrence or intrahepatic metastases that develops from portal vein invasion or spread to other parts of the liver [20, 21] . To improve HCC prognosis and treatment, information about the phenotypic and molecular changes associated with the development of this disease must be determined.
Overall, several lines of evidence indicate that chronic infection with hepatitis viruses, hepatitis B virus (HBV) and HCV, are major risk factors for HCC development [22] . A survey of published clinical studies has shown that greater than 85% of HCCs worldwide retain markers for HBV and/or HCV [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . The genome of HBV, a small, enveloped DNA virus, consists of four overlapping open reading frames, which encode seven different peptides including three HBV surface antigens (HBsAg); one HBV core antigen, and one X region, which encodes a viral transactivator (HBx), required for viral replication [34 -38] . HCV, conversely, is a positive, single-stranded RNA molecule, which encodes a 3000-amino acid polyprotein, processed by viral and cellular components to produce at least 10 structural (E1, E2, and p21 core ) and nonstructural proteins (NS2, 3, 4A, 4B, 5A, and 5B) [26, 39, 40] . Coinfection with both viruses can be found in patients with HCC, and synergistic effects have been suggested in studies examining patients infected with both viruses [41] [42] [43] [44] . The host immune responses to hepatitis viruses are fairly weak and fail to completely down-regulate or clear the infection, resulting in chronic stimulation of the antigen-specific immune response in persistently infected patients. The continued expression of cytokines and recruitment of activated lymphomononuclear cells to the liver affects many cellular pathways and ultimately results in fibrosis, cirrhosis, and/or HCC. Long-standing, inflammatory injury is therefore an important procarcinogenic factor.
In the liver, an organ enriched with immune cells, cell damage, and regeneration, mediated by the viral hepatitisinduced immune responses, may lead to liver cancer by promoting cell proliferation and death [45] [46] [47] . It has been proposed that necrosis of hepatocytes, as a result of chronic inflammation and consequent regeneration, enhances mutagenesis in host cells, which can accumulate and culminate in HCC [48 -50] . In fact, several lines of evidence indicate that the recruitment of inflammatory cells contributes to the secretion of cytokines and chemokines and lysis of infected cells, which causes much of the liver injury characteristic of acute HBV [47, 48, 50] . Upon recognition of target cells, NK cells may directly lyse HBV-infected cells and/or down-regulate HBV replication by producing IFN-␥ and TNF-␣ [51] . IFN-␥ also activates macrophages and increases TNF-␣ -mediated liver damage [52] . It has been shown that constitutive expression of IFN-␥ in the liver causes chronic, active hepatitis by recruitment of lymphomononuclear cells, even in the absence of any viral infection [53] . The cytotoxic T cells (CD8ϩ) recognize viral peptides derived from phagocytosed and proteolytically cleaved HBV proteins, activate and differentiate B cells, and secrete IFN-␥ and TNF-␣, which inhibit the replication and gene expression of HBV. In a study of HBV-transgenic mice, antigen, nonspecific-inflammatory cells of the host were recruited to the liver after injection with HBs-specific CD8ϩ T cells and formed necroinflammatory foci associated with much of the histopathologic manifestations of liver disease [54] . In a separate study, chronic HBV-specific, T cell-mediated liver disease was sufficient to induce HCC in HBV in vivo models [55] .
The HCV-mediated cellular immune response is weak, and a HCV-neutralizing antibody, which can protect against HCV infection has not yet been detected [56] . The immune reactivity observed in the liver of HCV-infected patients is largely unspecific, and innate cells are thought to play a major role in HCV immunopathology [46, 49] . Intrahepatic production of cytokines and chemokines by HCV infection promotes the recruitment of nonspecific lymphocytes. In the absence of viral clearance, this pathway boosts itself, leading to necroinflammatory and fibrotic liver disease. In HCV p21 core -transgenic mice, a significant lymphocyte infiltration was observed in the portal tracts of livers and was associated with increasing serum alanine transaminase (ALT) levels [57] . These changes in liver function are associated with the development and progression of HCC.
In addition, hepatic viruses have been able to mechanistically evade the immune system and persist in the host through their ability to rapidly mutate under immune pressure, ultimately resulting in liver injury [58 -61] . Some mutations create antagonistic peptides with the potential to inactivate T cells that are specific for the prototype HCV antigenic epitope and allow for viral escape. HBV variations within T cell epitopes have been demonstrated in chronic HBV [62, 63] . These variant sequences may down-regulate T cell functions, such as proliferation or cytokine secretion, and completely or partially inhibit the immune response against the original epitope [64 -66] . Therefore, the high mutation rate and ability to generate quasispecies severely affect the host's response to viral infection and culminate in chronic states of infection that lead to HCC.
Many studies suggest that hepatitis viruses contribute directly to the genesis of HCC. The relationship between hepatitis viruses and carcinogenesis is strengthened by many observations. Hepatic viral-encoded oncoproteins have transforming capability, and viral proteins can interact with cellular components leading to disruption of gene expression and signaling pathways [67] . In addition, hepatitis viruses are associated with genetic instability, which can abrogate DNA repair or alter centrosome duplication mechanisms [68, 69] . Several hepatitis viral proteins also play direct roles in interfering with cytokine responses. In a murine model, it has been shown that HCV p21 core plays a role in the establishment and maintenance of HCV infection by suppressing HCV-specific CTL responses and decreasing the production of IFN-␥ and IL-2 [70] . p21 core has also been shown to associate with TNF receptor I (TNFRI) and TNF-related lymphotoxin receptor, and this interaction modulates signaling by these cytokines [71] . In Jurkat T-lymphocytic cells, p21 core was shown to activate the IL-2 promoter through the NFAT pathway and suppressed the induction of immunity by inhibiting IL-12 and NO production from activated macrophages [72] . p21 core also suppresses T cell activation, and studies have suggested that this protein causes liver injury by increasing Fas-mediated apoptosis and liver infiltration of peripheral T cells [73] . We have recently demonstrated that p21 core can selectively down-regulate MHC Class II genes in B cells and prevent B cell apoptosis [74] . The envelope protein, HCV E2, has been shown to bind CD81 on NK cells and inhibit NK cell function [75] . In addition, the nonstructural HCV phosphoprotein, NS5A, is implicated in mediating HCV resistance to IFN-␣ through its ability to inhibit IFN-␣-induced protein kinase [76] . Similarly, HBx, the smallest protein encoded by HBV, has been shown to interact directly with and modulate the function of mediators of the inflammatory process including IL-8, ICAM-1, and the MHC factor. HBx also activates two transcription factors, NF-B and NF-AT, implicated in the regulation of cytokine expression (IL-6, IL-8, and TNF-␣) [77] . Thus, hepatitis virus-encoded proteins are able to directly alter cytokine expression to modulate the immune response in the liver and thus, may contribute to HCC.
Inflammatory responses to viral infection are followed by tissue repair and liver regeneration, processes that involve cell proliferation. In the liver, accumulation of mutations caused by aberrant cell proliferation can increase the transformation potential of hepatocytes. Another consequence of chronic inflammatory responses initiated by viral infection is the release of free radicals, such as reactive oxygen species and NO reactive species [13] . These oxyradical species released at the sites of inflammation by recruited leukocytes can induce several alterations including structure/function modifications of cancerrelated proteins and gene mutations, including those related to cell-cycle control, apoptosis, lipid peroxidation, and DNA repair damage, and thus, free radicals have been associated with carcinogenesis. Hofseth et al. [78] have shown that p53 is post-translationally modified at critical residues after exposure to NO and its derivatives. Furthermore, it was shown that nucleotide transversions at codon 249 of p53 occur with higher frequency in cases of oxyradical overload diseases [79] . In addition, accumulation of DNA adducts formed by oxidative stress in HBV-transgenic mouse have been correlated with HCC progression [80] . Thus, host-viral interactions may result in unwanted pathological changes, which in turn favor neoplastic transformation. Since the discovery of HBV and HCV, many advances have been made in understanding the molecular mechanism and treatment of individuals infected with these viruses. Nevertheless, it remains controversial as to whether they play a direct or merely indirect role in the pathogenesis of HCC.
CYTOKINES AND HCC
Mounting evidence indicates the involvement of cytokines in hepatocarcinogenesis. Thus, various avenues have been taken to elucidate changes in cytokine expression levels in patients with HCC. The mRNA and protein expression of cytokines in HCC and liver-related diseases has been demonstrated by immunohistochemistry (IHC), quantitative real-time PCR (qRT-PCR), and ELISA. To determine whether cytokine expression correlates with disease progression, many comparisons have been made, including HCC tumor and nontumor samples, chronic liver disease (CLD) patients and normal, healthy individuals, and cytokine measurements in response to various treatment regimens. As cytokines are secreted and can be measured in the serum and plasma, several groups have analyzed certain cytokines for their predictive capacity ( Table 1) .
Cytokine expression levels in HCC tumors versus nontumors
To assay immune response changes in HCC patients, the expression levels of pro-and anti-inflammatory cytokines have been quantified in HCC tumors and comparative normal samples. Of the many anti-inflammatory cytokines, the most studied with regard to HCC expression is IL-10. Several groups have shown that IL-10 is highly expressed in HCC tumors and individuals with HCC versus nontumorous-surrounding tissue controls or healthy cohorts, respectively [81, 93, 99, 100, 107] . These studies suggest that increases in IL-10 and perhaps other Th2 cytokines correlate with progression. Further studies are thus warranted to examine the expression levels of other Th2-related cytokines in liver-related disease.
Conversely, many studies have shown associations between the expression of several Th1 cytokines and HCC. Proinflammatory IL-1␤ was shown to be elevated in HCC patients compared with healthy individuals [82] . However, by qRT-PCR analysis, IL-1␤ mRNA was lower in tumors versus the tissue microenvironment [83] . In studies by Kakumu et al. [99] , serum IL-15 was higher in HCC and reflected the degree of inflammation in the liver. The expression of IL-18 was measured by IHC and shown to be slightly higher in normal surrounding tissue versus the tumor [93] . TNF-␣ expression was elevated in HCC patients, especially those with recurrence [82, 84] . In addition, the levels of the TNF-␣Rs, TNF␣RI and TNF␣RII, were higher in HCC patients when compared with healthy individuals [99] . However, in other studies, TNF-␣ levels were lower in HCC tumor tissue versus the tissue surrounding the tumor and in HCC patients versus healthy individuals [83, 100] . In situ hybridization studies revealed that tumor and nontumor sections were more positive for IFN-␣ mRNA than histologically normal liver; however, deficient IFN-␣ expression in HCC was shown at the protein level [94] . The expression of IFN-␥ was measured in HCC by IHC and shown to be slightly higher in normal, surrounding tissue [93] . In another study, IFN-␥ was not detected in HCC, and the authors concluded that IFN-␥ may not play a large role in liver inflammation [95] . The proinflammatory cytokines IL-12 and IL-2 are also increased in HCC [81, 90] . Thus, Th1 cytokines are mainly up-regulated in HCC. Several cytokines, which do not function specifically in a Th1-or Th2-restricted group or do not fall into the IL family, have also been correlated with HCC. IL-6, a cytokine categorized as pro-and anti-inflammatory with a multifunctional role in host defense, was present at higher levels in HCC patients compared with healthy individuals [110] . The glycoprotein TGF-␤ was demonstrated to have lower or similar concentrations in HCC and the surrounding tissue [117, 118] . However, in other studies, TGF-␤ was higher in HCC patients versus healthy individuals [119, 120] . The level of macrophage migration inhibitory factor (MIF), a proinflammatory and carcinogenic cytokine, was shown to be higher in sera from patients with HCC than in healthy individuals [123] . Similarly, the levels of hepatocyte growth factor and c-reactive protein in HCC were higher compared with healthy individuals [110] . A study of the macrophage-related cytokine M-CSF showed that an increase of this cytokine correlated with hepatic inflammation and necrosis [101] . These studies therefore show that the expression of cytokines is generally altered in HCC.
Although a multitude of studies have presented evidence for changes in cytokine expression in HCC tumors, the direction of the change is not always consistent. In addition, the cytokine levels found in the local regions, such as near or within the tumor, do not necessarily correspond to their level in serum. This may be a reflection of the differences in the particular samples examined or the complex nature of the immune network in response to malignant changes or the activity of viral hepatitis. In addition, these approaches assay cytokine levels in a "snapshot-type" manner, which may not reflect the actual directionality of the response. Conclusive findings will require additional studies and an improvement in the technologies available for measuring cytokine levels.
Cytokine expression levels and chronic liver disease
It has been shown that ineffective cytokine responses are one of the reasons for the failure to suppress hepatitis viral replication. Such responses do not eliminate the virus and therefore allow chronic disease states to form. To understand the changes that occur in immune response to chronic infection, cytokine levels have been measured in CLD patients infected with HBV and/or HCV. Similar to HCC, the most studied anti-inflammatory cytokine with regard to CLD is IL-10. Song et al. [85] measured the serum level of IL-10 and found that it was uniformly low and not associated with clinical presentation. However, in a study by Kitaoka et al. [81] , IL-10 was associated with the progression of CLD type C. Therefore, increases in IL-10 may be associated with CLD; however, additional studies of this cytokine and other anti-inflammatory cytokines need to be performed to determine their role in CLD.
Conversely, several studies have shown that proinflammatory cytokines are associated with CLD. Higher levels of the proinflammatory cytokines IL-12 and IL-1␤ are associated with CLD, predominantly in patients with liver cirrhosis, chronic hepatitis, and HBV positivity [81, 85, 86] . IL-1␤, in particular, was elevated in acute and chronic HCV patients compared with healthy individuals [82] . The level of TNF-␣ was found to be higher in patients with cirrhosis or acute/chronic hepatitis when compared with healthy patients [82, 86, 102 ]. An increased level of TNF-␣ was also shown to correlate with hepatic inflammation, necrosis, and hepatic failure [86, 101] . The levels of TNF␣RI and TNF␣RII were also shown to be increased in the livers of CLD patients [99] . However, in a HCVϩ cohort studied by Zekri et al. [100] , although TNF-␣Rs were higher in CLD patients and healthy individuals, the level of TNF-␣ was lower. In liver biopsies of HCV patients, acute and chronic samples were positive for IFN-␥, and IL-2 was undetectable, despite positivity for the IL-2 receptor [91] . The expression of IFN-␥ was associated with chronic HCV and similar to proinflammatory IL-18, was up-regulated in chronic hepatitis and cirrhotic tissue versus normal patients [93, 102] . However, in another study, IFN-␥ was not detected in HCC patients chronically infected with HBV, and the authors concluded that IFN-␥ may not play a large role in liver inflammation [95] . Therefore, cytokines may have altered expression in cirrhotic disease, dependent on HBV or HCV status.
Other non-Th1/Th2 cytokines have also been measured in CLD. IL-6 has been associated with HBV-infected patients, and higher expression levels were observed in liver cirrhosis versus healthy individuals [85] . Elevated serum IL-6 levels have also been observed in HCV patients and were associated with the presence of cirrhosis [111] . In a separate study, IL-6 was elevated in acute HCV and cirrhosis patients compared with healthy individuals [82] . However, IL-6 has also been shown to be down-regulated in chronic hepatitis and cirrhotic tissue versus normal liver tissue [102] . Okumoto et al. [121] studied the relationship of plasma TGF-␤ to antitumor immunity and found higher levels of TGF-␤ in HCC patients versus healthy individuals. Similarly, TGF-␤ serum level was higher in patients with alcohol-related cirrhosis and chronic HCV patients versus healthy individuals [119, 120] . Therefore, TGF-␤ may be associated with malignant transformation or progression of chronic disease. The level of MIF was shown to be higher in sera from liver cirrhosis patients versus healthy individuals, and hepatocytes from patients with liver cirrhosis expressed high levels of MIF [123] . In addition, M-CSF cytokine production was greater in cirrhotic versus noncirrhotic patients in a study by Itoh et al. [101] . Taken together, pro-and anti-inflammatory cytokines can deviate from normal immune responses and elicit changes that contribute to chronic infection.
HCC cytokine expression level changes in response to treatment
Several studies have demonstrated that changes in cytokine expression result from various treatment regimens for HCC. In this vein, many studies have analyzed cytokine levels in patients before and after resection. For example, when compared with healthy individuals, HCC patients had higher preoperative levels of IL-6, which rose dramatically after resection. IL-6 has also been shown to increase significantly after hepatectomy, suggesting that hepatic resection is followed by the enhanced production of cytokines [112] . Postoperative IL-6 levels in patients with HCC resection was also tested by Chau and colleagues [108] . In this study however, the level of IL-6 decreased following tumor resection. Furthermore, in a study of 139 HCC patients with hepatic resection, IL-6 levels were not consistent with the occurrence of postoperative complications [113] . IL-1␤ has also been measured in HCC undergoing resection [86] . Higher IL-1␤ was found in cirrhotic patients when compared with healthy individuals or preoperative patients and increased postoperatively. Preoperative cytokine production was greater in cirrhotic versus noncirrhotic patients, and cytokine productivity increased after resection. In Sato et al. [86] , TNF-␣ was measured in HCC patients undergoing resection. Higher TNF-␣ was found in cirrhotic patients when compared with healthy individuals and preoperative patients. The level of this cytokine increased postoperatively and correlated with postoperative, hepatic failure. In another study, G-CSF was measured in LPS-induced macrophages from PBMC isolated from seven HCC patients undergoing resection [101] . Preoperative cytokine production was greater in cirrhotic versus noncirrhotic patients, and cytokine productivity increased after resection. In sum, cytokine levels appear to increase following hepatic resection and may play protective and repair roles as a result of surgically induced liver injury.
IFN-␣ treatment has been shown to affect viral load in hepatitis-infected patients. Many studies have therefore measured cytokine levels in patients undergoing IFN-␣ treatment. Kitaoka et al. [81] assayed the levels of IL-10 and IL-12 in association with the progression of CLD type C and in response to IFN-␣ therapy. In this study, IL-12 and its receptor were highly expressed in HCC, followed by cirrhosis and chronic hepatitis, and were significantly elevated after IFN-␣ treatment, and no changes in IL-10 expression were observed. In studies by Kakumu et al. [99] of healthy individuals or patients with CLD and HCC, it was found that the serum levels of IL-10 and IL-15 correlate with disease progression and may reflect the degree of inflammation in the liver. HCC patients had the highest values for IL-10 and IL-15, and IFN-␣ treatment was shown to suppress these levels. In this study, the authors also showed that both types of TNF-␣Rs correlated with disease progression, and IFN-␣ treatment did not affect their level. Therefore, IFN-␣ treatment appears to affect the levels of proand anti-inflammatory cytokines. Although there has been limited success with IFN-␣ treatment, many patients do not respond to this therapy [124, 125] . In our laboratory, we are currently testing the ability of certain cytokines to discriminate HCC patients who are most likely to benefit from IFN-␣ treatment.
Cytokine levels have also been measured in patients undergoing other treatments for liver-related disease. In a study of 26 HCC patients with cirrhosis Ϯ splenectomy, no differences were observed in IL-10 and IL-2 between the groups before surgery [92] . However, after surgery, IL-10 decreased in patients with splenectomy. In addition, IL-1␤ was measured in 43 HCC with transarterial chemoembolization (TACE) treatment [101] . LPS-induced production of IL-1␤ in PBMC increased after TACE and correlated with hepatic inflammation and necrosis. In addition, M-CSF was also measured in 43 HCC patients undergoing TACE treatment. Serum M-CSF increased after TACE and correlated with hepatic inflammation and necrosis. In sum, cytokine levels are altered after various treatment regimens for liver-related disease; however, the direction of the change is not always consistent between studies. This may be a reflection of the particular cohorts studied and must be reconciled to elucidate the positive, cytokine-based reaction of certain patients to liver disease-related treatment.
HCC cytokine expression levels and metastasis/recurrence
Some studies have correlated changes in cytokine expression with HCC metastasis and/or recurrence. In a rat model, IL-6 has been implicated in HCC metastasis, as highly metastatic HCC (metastatic to the abdominal cavity) has been shown to release more IL-6 in serum [114] . Exogenous addition of IL-6 did not affect primary tumor formation but did affect the metastatic potential of tumor cells when compared with tumor cells expressing endogenous IL-6. Therefore, IL-6 production could be used to identify cells with metastatic potential and did not appear to be essential for primary tumor establishment. Furthermore, Coskun et al. [115] showed that in breast cancer patients, higher serum levels of IL-6 could be used to distinguish primary or metastatic liver tumors from benign HCC lesions. The proinflammatory cytokines TNF-␣, IL-1␣, and IL-1␤ were measured in HCC patients before and after operation or in patients with metastatic liver carcinoma [84] . TNF-␣ and IL-1␤ were high in HCC and metastases to the liver before operation compared with healthy individuals and increased postoperatively. In another study, higher levels of IL-1␤ and TNF-␣ were found in the tissue surrounding HCC and hepatic metastases than in the tumor [83] . High expression of IL-8, an anti-inflammatory cytokine with angiogenic action, in cancerous liver tissue was associated with a higher frequency of portal vein, venous, and bile duct invasion in HCC patients with surgical resection and may therefore be important in invasion and metastasis [126] . High MIF levels, another cytokine involved in angiogenesis, have been associated with frequent intrahepatic recurrence in HCC patients [127] . A study by Wang et al. [128] was conducted to elucidate the mechanism of IFN-␣ on the inhibition of metastasis and recurrence of HCC. Nude mice with HCC xenografts with high metastatic potential (intrahepatic and lung) underwent resection and were then s.c.-treated with IFN-␣ at different doses. IHC analysis revealed that IFN-␣ mediated antiangiogenesis by down-regulating vascular endothelial growth factor (VEGF) but had no effect on fibroblast growth factor. In our laboratory, we have conducted a study that will be discussed later in this review, which demonstrates that pro-and anti-inflammatory cytokine imbalances occur in HCC patients with venous metastasis. Thus, it appears that some cytokines may contribute to the metastatic process, and several play a role in the prometastatic angiogenic phenotype.
HCC cytokine expression levels and prognosis
As cytokines are expressed in the serum and plasma, they are readily suitable for use in clinical settings as prognosticators (Table 1) . Thus, the ability of pro-and anti-inflammatory cytokine levels to predict patient outcome has been studied. The clinical significance of postoperative, anti-inflammatory IL-10 levels in patients with HCC resection was tested by Chau et al. [108] . IL-10 levels were significantly higher in HCC than in healthy individuals. Patients with high IL-10 had a worse disease-free survival, and a multivariate analysis implied that [90] . A decrease in CD8ϩ cells was seen in tumor versus noncancerous tissue, and an increase in CD8ϩ cells was observed in tumors with IL-2 expression. As patients with IL-2ϩ tumors had a favorable prognosis, the authors concluded that IL-2 activates CD8ϩ T cells produced by TILs and may be a good prognostic marker. Thus, changes in pro-or anti-inflammatory cytokines in HCC may be used to screen individuals for potential disease outcome.
The prognostic association of other non-Th1/Th2 cytokines has also been tested in HCC patients. The clinical significance of postoperative IL-6 levels in patients with HCC resection was tested by Chau and colleagues [108] . IL-6 was significantly higher in HCC than in healthy individuals; however, IL-6 did not correlate with patient survival in this study. Okumoto et al. [121] studied the relationship of plasma TGF-␤ to antitumor immunity and prognosis in 70 patients with unresectable HCC, age-matched, healthy individuals, and 32 cirrhosis patients. HCC patients with high TGF-␤ concentration had a shorter survival period than those with concentrations below that of healthy individuals. Therefore, the concentration of TGF-␤ was shown to be a predictor of outcome of patients with unresectable HCC. In other studies, patients with high MIF had a worse survival outcome than patients with low MIF [127] . Another significant predictor of poor outcome is IL-18, which is upregulated in HCV-positive patients [129] . In summary, these studies show that the expression level of several cytokines is associated with disease outcome, and they may therefore serve as HCC prognosticators. However, these findings should be tested in independent datasets to assure validity. In addition, quick and cost-effective diagnostic kits will need to be available for optimal clinical use of the cytokines that are demonstrated to be HCC prognostic markers.
Cytokine polymorphisms and HCC
The alteration of cytokine expression levels and the functional consequences of these changes in HCC may be caused by the response of the immune system to the presence of a primary lesion. However, an individual's genetic constitution may also play an important role in affecting elements of the immune system and generating tumorigenic effects. Many studies have been conducted to analyze single nucleotide polymorphisms (SNPs) as genetic markers as a result of their high density and even distribution in the human genome. As such, many groups have used SNPs for fine-mapping disease loci and for analyzing the association of genes with disease outcome to determine how or whether inherited germ-line mutations can contribute to the susceptibility of certain individuals to cancer development. In this line, several studies have identified cytokine SNPs, which are functionally associated with liver disease and/or HCC (Table 1) .
High levels of proinflammatory TNF-␣ have been associated with carcinogenesis. In particular, the TNF-␣ (-308) SNP in the promoter region of the gene, which includes TNF-␣1 (-308G) and TNF-␣2 (-308A) alleles, is associated with cancer susceptibility and induced expression of TNF-␣. In a case study, 74 HCC and 289 healthy individuals were assayed for their -308 genotype [103] . Carriage of the TNF-␣2 allele was associated with an increased risk of HCC (3.5 odds ratio), and a significant increased risk of death was associated with TNF-␣1/TNF-␣1, TNF-␣1/TNF-␣2, to TNF-␣2/TNF-␣2 genotypes. The TNF-␣2 allele was therefore a significant predictor of HCC. In an analysis by Heneghan et al. [104] , genomic DNA was analyzed from 98 HCC from a Chinese cohort and 77 family controls, 97 Hong Kong controls, and 96 European controls, who were healthy individuals. The TNF-␣2 allele was associated with high TNF-␣ production in vitro and in vivo and found in 10% of the Chinese and 33% of the European subjects. Although no specific associations were found between the polymorphisms tested in this study, they concluded that the distribution of alleles may have accounted for the susceptibility of the Chinese population to develop HCC. The TNF-␣ genes are located in the central MHC complex. It has been shown that the region -323 to-285 encompassing -308 in the TNF-␣2 allele binds NFs differently than TNF-␣1 [105] . In this study, a G/A polymorphism allowed for NF-binding to TNF-␣2 but not to TNF-␣1, and TNF-␣2 had greater transcription than TNF-␣1. Therefore, the G/A polymorphism may play a role in altered TNF-␣ gene expression in patients with particular MHC haplotypes. Another study tested the role of the TNF-␣ polymorphism on clearance of HBV and outcome of HBVrelated chronic hepatitis [106] . An Italian population of 184 chronic HBV carriers, who were HBsAgϩ, including HCC cases and 96 healthy individuals, was assayed. The TNF-␣1 allele was found to be more frequent in the chronic carrier group in patients with a family history of HBV infection. The G/G genotype at -308 was found in all carriers with decompensated cirrhosis but only in 78% of healthy individuals. The distribution in the carrier group was not significantly different from the healthy group. SNPs at -1038/-863 and -863/-238 were in linkage disequilibrium. The TCGG haplotype (-T1031, -C863, -G308, -G238) was significantly associated with endstage liver disease. The authors concluded that the TNF-␣ promoter polymorphism at -308G/G and the haplotype TCGG are associated with unfavorable prognosis in patients with chronic HBV infection. A Japanese cohort was used to determine the frequency of genotypes associated with cytokine polymorphism and their association with risk of HCC in HBV carriers [96] . No statistically significant differences in genetic polymorphisms of TNF-␣ were found. TNF-␣ polymorphisms were also not associated with HCC in a study of Japanese patients or in a study of 77 patients with chronic HBV examining TNF-␣ (-308) [97, 130] . Although the data regarding TNF-␣ association with disease outcome are not straightforward, perhaps as a result of analyses in differing ethnic cohorts, a relationship between increased levels of this cytokine and HCC has been observed.
Several polymorphisms of proinflammatory IL-1␤ have been reported, and the IL-1␤-31 genotype and IL-1RN have been associated with enhanced IL-1␤ production. The IL-1␤-31 genotype T/T or IL-1␤-511/-31 haplotype C/T was examined in a study of 274 Japanese patients with HCV ϩ HCC and 55 healthy individuals [87] . These polymorphisms were found to be associated with the presence of HCV ϩ HCC. Another study investigated an IL-1␤ polymorphism in 364 Japanese HCV patients, 146 of which had HCC [88] . The IL-1␤-511 genotype T/T was a significant risk factor for HCC. The C-511T-IL-1␤ polymorphism was also examined in 136 Thai patients with chronic HBV. In this cohort, the IL-1␤-511 genotype C/C was found to be significantly higher in patients with HCC versus healthy individuals. The IL-1␤ polymorphism may therefore be a genetic marker for the development of hepatitis-related HCC [89] .
Proinflammatory IFN-␥ polymorphisms have also been associated with HCC. In a study of 77 patients with chronic HBV, 23 low and 23 high HBV replicative carriers, 21 liver transplant candidates and 10 HCC, a high statistical difference in the distribution of the IFN-␥ polymorphism (ϩ879) was shown between chronic HBV and healthy individuals [97] . The majority of the patients produced less IFN-␥ than in healthy individuals, and no difference in IFN-␥ production was seen in patients with low versus high levels of HBV replication. IFN-␥ (ϩ874), a low-expressing IFN-␥ polymorphism, was assayed in Japanese HCC patients with HBV infection; however, no difference was observed compared with those patients without HCC [96] . In a Chinese cohort of 250 HCC and 250 hospital controls (healthy individuals), IFN-␥ ϩ 847 T/A was associated with a nonsignificant increase in HCC risk [98] . IFN-␥ ϩ 847 T/T homozygosity was associated with elevated IFN-␥ production, and IFN-␥ ϩ 847 A/A was associated with reduced IFN-␥ production. Furthermore, the risk increased with increasing the number of Th1 genotypes including IL-12 and IL-18. Thus, IFN-␥ polymorphisms in general may lead to a decrease in IFN-␥ activity and corresponding increase in HCC risk.
The association of Th2 cytokine SNPs and the risk for developing HCC are less clear. A polymorphism of IL-10 in 1078 chronic HBV patients and HCC (IL-10-ht2 haplotype) was strongly associated with HCC and with an increased production of IL-10 [109] . The frequency of susceptibility increased in order from chronic hepatitis to liver cirrhosis and HCC among HBV patients. A survival analysis of the data revealed that the onset age of HCC accelerated in chronic HBV patients who carried this haplotype. In a Chinese cohort, IL-4(-589C/T) and IL-10 (-1082G/A, -819C/T) were associated with a nonsignificant, reduced risk of HCC, and the risk decreased with increasing the number of Th2 genotypes [98] . IL-4-589C/T was associated with increased IL-4 production, and IL-10 polymorphisms (-1082G/A, -819C/T) were associated with reduced plasma IL-10 levels. In a study of 77 patients with chronic HBV and a separate study of 236 Japanese patients with HBV infection, no genetic difference was observed in IL-10 (-1082, -819, -592) [96, 97] . Although in another analysis by Heneghan et al. [104] , no specific associations were found between the IL-10 polymorphisms tested in Chinese and European cohorts. Therefore, the association of HCC risk and Th2 polymorphism may depend on the specific Th2 SNP or combination of Th2 SNPs present in an individual.
SNP studies of the non-Th1/Th2 cytokines, TGF-␤, and IL-6 have also been conducted to determine their relationship with HCC risk. TGF-␤ SNPs may be associated with a reduced risk of developing viral hepatitis-mediated HCC. Polymorphism in TGF-␤ was assayed in 236 Japanese patients with HBV infection [96] . The TGF-␤ ϩ 29 (codon 10) C/C genotype, which is associated with high TGF-␤ serum levels, was lower in HBV carriers with HCC than in those without. The association of HCC was significantly lower in HBV carriers with the C/C genotype than T/C or T/T in position 29 of TGF-␤ and may play a role in HCC development in patients with chronic HBV infection. The relationship between polymorphisms in the TGF-␤ gene and the risk of HCC in chronic HBV patients were also tested in a cohort of 1237 Korean patients, 1046 with chronic HBV Ϯ HCC and 191 healthy individuals [120] . Only two SNPs were found (-509 and in codon 10), and the risk for HCC was significantly lower in patients with T/T or C/T than in C/C for -509 and was also lower among Pro/Pro or Leu/Pro genotypes than Leu/Leu in codon 10 (L10P). Individuals who were homozygous for the -509T/T or codon10Pro had higher plasma levels of TGF-␤. Haplotype analysis revealed that -509CϾT conferred a decreased likelihood of HCC. Another investigation of mutations in TGF␤RII showed a reduced expression of this cytokine receptor in HCC [122] . In a study of 77 patients with chronic HBV and 23 low HBV-replicative carriers, no genetic difference was observed in TGF-␤ (ϩ10T/T and ϩ25C/G) [97] . Further studies are needed to clarify the association between TGF-␤ SNPs and HCC. Various groups have also tested IL-6 variants. Three known IL-6 SNPs located in the gene promoter (IL-6-597 GϾA, IL-6-572 CϾG, IL-6-174 GϾC) have been associated with increased IL-6 levels and were genotyped in chronic HBV patients [116] . IL-6-597 GϾA and -174 GϾC had significant frequency in the Korean population, but no significant associations were found between IL-6 variants and disease outcome in these patients. Genetic differences in IL-6 (-592) were not found in two other separate studies of patients with chronic HBV (-592) [96, 97] . Further studies are therefore warranted to clarify the differing findings with regard to IL-6 and HCC risk.
In sum, many cytokine polymorphisms have been associated with an increased risk of HCC. These findings suggest that genetic alterations, which lead to changes in Th1-and Th2-related cytokine levels, can influence an individual's disease outcome. However, a clear-cut association between a particular cytokine SNP and HCC has yet to be determined. Observations have differed between studies regarding HCC risk and a particular cytokine polymorphism, perhaps as a result of the differences in specific polymorphisms or populations assayed. A large and comprehensive population-based SNP study may help to clarify these results.
Cytokines and the mechanism of HCC
Although many studies have examined cytokine expression changes in HCC, numerous investigators have focused their efforts on studying the functional consequences that correlate these changes with disease outcome (Table 1 ). The proinflammatory cytokine IFN-␣ is currently used for treatment of chronic viral hepatitis and to prevent development of HCC. IFN-␣ can transcriptionally regulate MHC Class I and Fas through interaction with IFN-␣R. It has been shown that normal hepatocytes express weak levels of IFN-␣R, but the expression of IFN-␣R is up-regulated in acute and CLD [131] . Further examination revealed that tumor size, ALT, metastasis, and proliferation were higher in IFN-␣R-negative liver tissue cases. Therefore, the loss of IFN-␣R might contribute to im-mune escape. The IFN-␣ signaling pathway has also been studied using hepatoma cell lines: Hep3B, HepG2, Huh7, SKHep1, and Chang-Liver, to assay IFN-␣ binding to regulatory elements and analyze its effect on proliferation and apoptosis [132] . The IFN-␣ signaling pathway was functional in several cell lines, where a moderate, anti-proliferative effect, but not an apoptotic effect, was observed. IFN-␣ may therefore exert its effect through action on specific nuclear sequences that protect liver cells from transformation. Yamaji et al. [133] investigated the effect of IFN-␣ on the expression of another proinflammatory cytokine IL-15 in HCC cell lines and patients with chronic HCV and found that IFN-␣ up-regulated DC production of IL-15, which is capable of activating NK and CTLs. Therefore, IFN-␣ may function to control tumorigenicity, but alterations in its pathway perhaps caused by the presence of a tumor may shift its action toward a procarcinogenic phenotype.
Proinflammatory TNF-␣ is produced in response to tissue injury and is associated with an increase in cell-cycle progression and oxidative stress through the formation of 8-oxo-deoxyguanosine, an established marker of DNA damage associated with chronic hepatitis in human livers [134] . To examine the cytotoxic role of TNF-␣, TILs, isolated from 22 primary and metastatic liver tumors, were expanded in the combined presence of IL-2 and TNF-␣, IL-2, and IL-4 or IL-2 alone [135] . TNF-␣ and IL-2 were the most effective in promoting outgrowth of CD3ϩCD8ϩ T cells and could induce cytotoxicity, which was further enhanced by IFN-␣. Cytokine stimulation of TNF-␣, IL-1␤, or IL-18 has also been shown to induce expression of TRAIL in HCC cell lines (HepG2, Hep3B, Huh7) [136] . The expression of TRAIL on the HCC cell surface might contribute to tumor cell immune evasion by inducing apoptosis of activated human lymphocytes. An investigation of cytokineinduced tumor growth modulation during HCC progression in SV40 large T tumor antigen-transgenic mice revealed that an increased rate of liver growth correlated with an increase in TGF-␤ mRNA expression, which was particularly detected in early tumor development [137] . However, alterations of IL-1␣, IL-1␤, IL-6, IL-2, IL-4, or IFN-␥ mRNA were not observed in this study. Therefore, TNF-␣ may inhibit carcinogenesis through cytotoxic induction; however, under certain circumstances, this cytokine can promote this process.
It has also been demonstrated that anti-inflammatory cytokines with angiogenic function, such as IL-8, can accelerate the proliferation of various HCC cell lines [126] . In a HCC mouse model, high angiogenic activity was associated with attenuated lymphocyte extravasation and correlated with the expression of anti-inflammatory IL-10 [138] . IL-22, an IL-10-related cytokine released by T cells, is normally highly expressed in hepatocytes. Blocking IL-22 was shown to reduce STAT3 and worsen liver injury, and injection with recombinant IL-22 attenuated injury. Overexpression of IL-22 in HepG2 promoted cell growth and survival and activated STAT3 to induce antiapoptosis (Bcl-2, Bcl-xl, Mcl-1) and pro-mitogenic proteins (myc, cyclin D1, Rb2, CDK4) [139] . Therefore, T cell activation by anti-inflammatory cytokines may play a role in prevention and repair of liver injury as well as promoting this process by differential signaling from proangiogenic cytokines.
The mechanisms leading to HCC by non-Th1/Th2 cytokines have also been studied. Chabicovsky et al. [140] found that TGF-␤ stimulated apoptosis and mitosis of hepatocytes in a chemically induced mouse model of liver carcinogenesis. In a study by Murata et al. [141] , TGF-␤ suppressed viral RNA replication and protein expression from the HCV replicon and was associated with cellular growth arrest, which was dependent on Smad but not MAPK. In addition, Activin A, a member of the TGF-␤ family, and its receptors are expressed in HCC and have been shown to stimulate VEGF transcription, DNA binding, and the transactivation potential of specificity protein 1 [142] . Therefore, TGF-␤ may function to enhance tumorigenicity. In other studies, patients with high MIF levels have high ␣-fetoprotein (AFP) levels, which are associated with hypoxic stress and angiogenesis [127] . In a separate study, IL-6, IL-6R, and downstream pathway members were measured in liver samples from a HCC rat model versus normal surrounding tissue [143] . HCC had decreased IL-6R compared with normal surrounding tissue, and increased IL-6 mRNA levels led to an increase in STAT and ERK. IL-6 was also shown to inhibit serum-stimulated DNA synthesis and cell mitogenesis in HCC cells in vitro. Therefore, IL-6 and other non-Th1/Th2 cytokines may contribute to the pathogenesis of HCC at the stages of transformation and metastasis.
As hepatitis viruses are major risk factors for HCC, cytokine interactions with these viruses have been documented. In HCV studies, a decreased, therapeutic response to IFN-␣ has been shown in chronic HCV patients. To analyze the mechanism behind this observation, HepG2 cells were treated with IFN-␣ Ϯ TNF-␣ to assay NF-b modulation [144] . IFN-␣ and alcohol induced NF-b activation and augmented TNF-␣-induced NF-b binding in cells. Szabo et al. [144] also investigated the effect of IFN-␣ and alcohol on monocytes. IFN-␣ is produced by and affects monocyte populations, and alcohol has been shown to alter monocyte production and antigen-presenting activity. Szabo and colleagues [144] found that IFN-␣ treatment induced monocyte production of TNF-␣, IL-6, and IL-12. Therefore, IFN-␣ can increase sensitivity to TNF-␣ and alcohol-mediated activation of inflammatory cytokines and could therefore be a key element in the antiviral response in chronic HCV. IL-18, a proinflammatory cytokine, was shown to be up-regulated in HCV-positive patients. In a cohort of 65 HCV ϩ HCC with resection, IL-18 was expressed in all samples and in two HCC cell lines [129] . The expression of cytokines has also been evaluated in a HCV mouse model overexpressing p21 core with associated HCC [145] . The authors observed increased mRNA and protein levels of TNF-␣ and IL-1␤ and enhanced activity of JNK and AP1. However, no effect was observed on Ib and NF-b. Alcohol is known to increase liver fibrosis and HCC in chronic HCV patients. When looking at the effect of chronic alcohol consumption in HCV core-expressing, transgenic mice, Perlemuter et al. [146] observed that hepatic expression of TGF-␤ and TNF-␣ increased. The expression of the HCV core in stably transfected T cells has also been shown to correlate with reduced IL-2 promoter activity and IL-2 production in response to TCR triggering [147] . IL-4, IL-10, IFN-␥, and TNF-␣ were increased moderately, and these alterations resulted in perturbed MAPK responses. In a study analyzing the effect of HCV NS5A on TNF-␣-mediated apoptosis in the liver of NS5A-transgenic mice, NS5A protected against hepatic apoptosis [148] . The STAT proteins are transcription factors, which are critical mediators of cytokine signaling. STAT3 is often constitutively phosphorylated and activated in human cancers and transformed cell lines and is implicated in tumorigenicity. HCV core directly interacts with and activates STATs through phosphorylation, resulting in rapid proliferation of NIH3T3 and up-regulation of Bcl-xl and cyclin D1 [149] . Additional expression of STAT3 in p21 core -expressing cells resulted in anchorage-independent growth and tumorigenesis. Thus, an alteration of cytokine levels can favor the establishment of persistent HCV and enhance liver cirrhosis and HCC.
Observations have also been made about cytokine interactions with HBV. It has been shown that IL-6 can be induced by HBx [150] . High levels of IL-6 are observed in patient serum with CLD and HBV infection and in HBx-transfected cells. In addition, an increase in IL-6 transactivation was induced by HBx [85] . HBx may play a role in hepatic inflammation and disease by up-regulating IL-6, leading to cirhossis and HCC [111] . A cDNA microarray of HBx expressed in the hepatoma cell line Huh7 revealed that IL-6, IL-8R, and IL-2R were positively up-regulated [151] . However, no effect was seen with IL-10R and IL-1R. The cells that were expressing HBx were more sensitive to low doses of TNF-␣, which led to an induction of apoptosis [152] . The anti-inflammatory cytokine IL-4, which can act on B cells, T cells, and monocytes, was shown to suppress HBV HBsAg mRNA, protein, and the transcription of HBV genes (surface promoter II and core promoter) [153] . Thus, cytokines play roles in promoting and inhibiting viral infection, and their proviral roles could lead to HCC.
Overall, studies have demonstrated that cytokines can affect a multitude of cellular pathways. Although their normal function may be to keep the tumorigenic cascade at bay, disease states such as the presence of hepatitis viruses can alter cytokines to function as protumorigenic factors. These immune-related proteins are not only affecters of transformation and primary tumor phases, but they have also been shown to play a role in downstream pathways related to tumor progression, such as angiogenesis. Despite the known associations between cytokines and HCC, the full portrait of their mechanistic roles in this disease remains to be elucidated.
Cytokine-based HCC therapy
As the levels of many cytokines are altered in HCC, as evidenced by measurement in serum, qRT-PCR, and IHC, and as these changes can have profound pro-or anticarcinogenic effects, much emphasis has been placed on cytokine-based therapies, which can be categorized as antiviral or antitumor. Although many hurdles still remain, some of these avenues show therapeutic promise. A few of these studies are described below.
Antiviral strategies have been used to treat patients with HCC related to chronic HCV infection. Current evidence is sufficient to recommend IFN-␣ treatment for all patients with acute hepatitis. With the advent of a combined, conventional IFN-␣ and ribavirin therapy, the sustained, virological response rate has been improved greatly compared with IFN-␣ monotherapy. However, it is necessary to search for the underlying mechanisms for a better treatment outcome with IFN-␣ plus ribavirin combination therapy in patients. Whether the long-term effects of IFN-␣ plus ribavirin therapy can reduce the incidence of HCC needs to be established. The current gold standard of efficacy for treatment of patients with chronic HCV is the combination of pegylated IFN-␣ (PEG-IFN-␣) and ribavirin, which is more effective in improving liver histology. PEG-IFN-␣ (12 KD) has a small, linear polyethylene glycol (PEG) moiety and has a longer half-life than conventional IFN-␣, which allows for significant increases in sustained, virological response rates. Tolerability and compliance to therapy are still a problem, as 15-20% of patients within trials and Ͼ25% in clinical practice withdraw from therapy. In addition, there is much debate regarding the optimal dose and duration of PEG-IFN-␣ treatment, and the optimal dose of ribavirin has yet to be determined. Monotherapy with PEG-IFN-␣ induces a marked reduction in staging in virological-sustained responders and to a lesser degree, in patients who relapse but provides no benefit to nonresponders after 24 -48 weeks of treatment. The use of maintenance therapy in virological nonresponders aiming to improve histology should be considered experimental and of unproven benefit. Pooling data from the literature suggests a slight preventive effect of IFN-␣ on HCC development in patients with HCV-related cirrhosis. Despite the low magnitude of this effect, some patients have benefited from such regimens.
Antiviral therapy has also been used for HCC patients infected with HBV. A recent study demonstrates a clear association between viral load and HCC risk [154] . IFN-␣ has been used effectively for anti-HBV therapy with a good, early response. However, a high frequency in relapse is a major problem for long-term use as a result of viral mutation and development of resistance. A future direction may be to identify better antiviral compounds that can be used together with or following IFN-␣ treatment. One such compound with beneficial potential may be lamivudine. Thus, antiviral therapies may help to delay the development of HCC.
Antitumor strategies for patients with HCC include various methodologies to boost or decrease the level of certain cytokines, particularly in the liver, or harness and expand reactive immune cells, which can be re-infused, and release their therapeutic cytokines. An example of the use of immune cells for immunotherapy is adoptive transfer. This method exploits the antibody response from a patient's serum or from another patient (autologous or allogeneic), where tumor-reactive T cells (TILs) are isolated and expanded and then re-infused. However, only a fraction of the patients responds as a result of complications with retention of specificity and function, survival and migration to the tumor site, and graft-versus-host disease. In other types of regimens, immune cells are harnessed and expanded and then infused in the presence of cytokines to help to stimulate an inflammatory response. Locoregional immunochemotherapy with lymphokine-activated killer cells (LAK) have been used as a therapeutic approach for HCC. LAKs produce IL-2, IFN-␥, and IL-12 and thereby induce cytolytic activity [155] . DC pulsed with heat-shock protein 70 peptide have been shown to stimulate high T cell proliferation, cytokine secretion, and induction of CTLs, which specifically killed HCC cells by a MHC Class I-restricted mechanism [156] . NKT cells have been proposed to mediate the effects of IL-12 [157] . Ex vivo immune-modulated NKT cells in BALB/c mice transplanted with human Hep3B HCC led to suppression of HCC [158] . These studies therefore provide an opportunity for the enrichment of cells with cytokine-producing ability and/or cytotoxicity in primary tumors and perhaps metastatic liver cancer.
Many therapy-based studies have also been performed to boost cytokine responses via different delivery mechanisms, and efforts have been made to deliver cytokines specifically to the liver. In Junbo et al. [159] , therapeutic genes, including cytokines, were transferred into hepatoma cells via the hepatocyte receptor. An antitumor response of IL-12 was also tested in a gene-therapeutic HCC mouse model using an adenoviral vector carrying IL-12 (Adv-IL-12), which caused regression and was associated with an immune infiltrate, potentially involved in the inhibition of angiogenesis [157] . Studies with Adv-IL-12 therapy of woodchucks with primary HCC induced by woodchuck hepatitis virus have shown substantial tumor regression and increased levels of CD4ϩ and CD8ϩ T cells and IFN-␥ [160] . Intrahepatic delivery of IL-12 in BALB/c mice could inhibit tumor growth by allowing early infiltration of macrophages and lymphocytes [161] . Combined immunotherapy in an immunogenic HCC mouse model with IL-12 and GM-CSF revealed induction of a strong antitumor cellular response (better than each alone) and did not cause the severe side-effects associated with IL-12 alone [162] . Receptor-mediated gene delivery of IL-2 into HepG2 has been tested using EBV vectors, which allowed for specific binding of IL-2 to cell-surface receptors on the target cell and elevated levels of IL-2 gene expression [159] . In addition, a HSV amplicon carrying IL-2 in a rat HCC model significantly reduced tumor burden, suggesting that vascular regional delivery of HSV vectors could be used to induce antitumor efficacy [163] . Liver-specific albumin and tumor-specific AFP have been assayed for their ability to achieve IL-2/IFN-␣2b HCC treatment. This method has led to growth suppression after retrovirus infection [164] . Use of Adv-AFP to direct IL-2 expression in a HCC-specific manner via intratumoral injection in established HCC xenografts growing in CB-17/SCID mice was shown to result in growth retardation and regression of established hepatomas [165] . Liver-directed IFN-␥ gene therapy in a mouse model of chronic HBV infection has also been used [166] . Although methods of delivery remain to be improved, these studies are proof of principle and lead the way for future advances.
Cytokine-based treatments using other methodologies can also be found in the literature. Studies have been conducted with tumor vaccines using HCC cells/tissue fragments and biodegradable microparticles encapsulating GM-CSF and IL-2 along with adjuvant. This combination protected a large percentage of syngeneic mice from HCC cell challenge [167] . Oral immune regulation for HBV antigens (HBsAg, PreS1, PreS2) have been shown to modulate the antitumor immune response and suppress the growth of HCC in mice via increased IFN-␥ production and an increase in the HBV-specific T cell population [168] . In addition, Glossogyne tenuifolia, a traditional, antipyretic and hepatoprotective herb, has been shown to inhibit the release of IFN-␥ and IL-6 in LPS-activated PBMC from HCC patients, thus producing anti-inflammatory effects [169] .
GENE EXPRESSION STUDIES: THE CARCINOGENIC ROLE OF CYTOKINES IN THE MICROENVIRONMENT
As the immune system is designed to eradicate damaged cells and tissues, what circumstances cause inflammation to promote cancer development rather than protect against it? In progressive stages of disease, are prometastatic changes inherent to the tumor cell, or are they acquired through time and/or influenced by environmental status such as the conditions of the metastasis sites? It is possible that neoplastic microenvironments favor polarized, chronic inflammatory states, which are protumorigenic rather than acute antitumor-immune responses that block tumor cells from escaping immune surveillance mechanisms. Cancer cells are capable of altering their environment through a variety of mechanisms, including the production of growth factors and proteolytic enzymes, which allow for disruption of tissue homeostasis and the creation of promigratory and proinvasive surroundings. However, tumors may also be directly affected by the tumor stroma itself, whereby tumor cells respond to certain factors present in the target organ that are permissive to and promote tumor extravasation, aggregation, and metastasis [170] .
Cytokine imbalances in the microenvironment
The accumulated evidence has clearly demonstrated that immune cells in tumor-surrounding regions can influence tumor progression [171] . Our examination of the tumor microenvironment in HCC metastasis has indicated that the hepatic microenvironment from patients with HBV-positive metastatic HCC has a profound change in their gene expression profiles [172] . We found that a dominant, Th2-like cytokine profile, including an increase in IL-4, IL-8, IL-10, and IL-5 and a decrease in Th1-like cytokines including IL-1␣, IL-1␤, IL-2, IL-12p35, IL-12p40, IL-15, TNF-␣, and IFN-␥, is associated with the metastatic phenotype. A unique cytokine signature was capable of predicting patients with HCC metastasis in a crossvalidated study. Moreover, the prognostic performance of this signature was independent of and superior to other available clinical parameters for determining HCC patient survival or recurrence. We therefore suggest that the inflammatory status of the surrounding tumor milieu, in addition to the metastatic potential of the tumor cells, may play a prominent role in promoting HCC tumor progression and metastasis.
The predominant humoral cytokine response in the liver milieu of HCC metastasis patients suggests that shifts to antiinflammatory/immune-suppressive responses may play a significant role in promoting HCC metastasis (Fig. 1) . Although many immune cell types can produce and be activated by cytokines, T cells are the predominant cell type involved in this process. However, other cell types may also contribute to this finding. Macrophages are versatile and plastic cells that respond to microenvironmental signals with distinct, functional polarization programs, which regulate the influx of other im-mune cells, such as T lymphocytes, by producing a variety of cytokines and chemokines [173] . Increased evidence indicates that tumor-associated macrophages (TAM) can polarize toward a type II phenotype, which is oriented toward the promotion of tissue remodeling and repair, a process that may be compatible with metastatic progression [171] . In addition, a clear role of B cells in metastasis has been demonstrated [174] . Our results indicate that the Th1-to-Th2-like profile switch in livers bearing metastatic HCC is accompanied by an overexpression of leukocytes including Kupffer cells. These findings are reminiscent of the TAM phenotype described above, whereby macrophages can potentially be alternatively activated. Consistently, we observed that an overexpression of CSF1, an activator and regulator of macrophages, accompanied the Th1-toTh2-like profile switch in livers bearing metastatic HCC and could induce this profile in PBMC from healthy blood donors. Thus, CSF1 may play a prometastatic role in HCC.
Our findings support many published studies about tumor and stroma interaction [170] , which suggest that the metastatic propensity of HCC is inherent to the tumor cell and influenced by the local environmental status of metastatic sites. The results described in this study may provide a new strategy for classification of patients and potential therapy of metastatic HCC by converting the unique Th2 to a Th1 profile. We speculate that post-surgical treatment with Th1-related cytokines in the Th2 group may ameliorate the metastatic-related imbalance of cytokines toward that of nonmetastatic HCC patients. Thus, a confident determination of individual HCC patients who have a Th1 or a Th2 profile may allow us to classify these patients in advance to determine those eligible and most likely to benefit from proinflammatory cytokine treatment. This possibility remains to be determined and could significantly affect the clinical outcome of patients likely to develop HCC metastasis.
PERSPECTIVE
Despite a multitude of studies, HCC remains a dismal disease for many individuals worldwide. Many of these studies have provided evidence that hepatitis viruses play roles in liver tumorigenesis by provoking immune-mediated liver injury and contributing to the inflammatory process. The balance between the extent of the infection and the quality and vigor of the antiviral response in patients may determine the severity and duration of viral hepatitis-induced liver injury.
Whereas the historical viewpoint was that host immunity is protective with regard to cancer, it is now clear that certain subsets of chronically activated immune cells promote growth and/or facilitate survival of neoplastic cells. Cytokines, in particular, have been demonstrated to play a significant role in HCC, as evidenced by the changes in their expression levels, affects on cellular pathways, and genetic imbalances. The particular role of any given cytokine can be specific or over- Fig. 1 . The opposing roles of pro-and anti-inflammatory cytokines in HCC metastasis. Th1 and Th2 cytokines generally function as pro-or anti-inflammatory factors, respectively. Some Th2 cytokines, such as IL-10, can negatively regulate Th1 cytokines, such as IFN-␥, and vice-versa. In the proinflammatory process, an insult will signal Th1 cytokines to activate immune cells such as macrophages and NK cells, which generate a proinflammatory response that is antimetastatic. Conversely, certain conditions, such as the presence of a tumor or genetic predisposition, may cause immune cell populations to become "alternatively activated" and contribute to carcinogenesis by functioning to promote anti-inflammatory cytokines and the humoral response (e.g., mast cells, B cells, and eosinophils), thus contributing to metastasis. The causative factor associated with switching the cytokine balance is unknown, but factors produced by the tumor or by the microenvironment might play a role in tumorigenesis by polarizing cytokine production toward a Th2 phenotype.
lapping, thus generating downstream effects that result from a maze of complex interactions. Such an unexpected role for the immune response as enhancers of tumor physiology raises questions about how these tumor-promoting effects are conveyed and whether they can be harnessed to prevent or block these properties while simultaneously activating antitumorimmune responses.
The prevalence of metastasis heavily contributes to HCC mortality. A clinical challenge is to be able to identify cancer patients with metastatic potential in advance so that an appropriate, therapeutic regime can be applied. The published studies and current studies in our laboratory suggest that Th1 cytokines are involved in tumor development, whereas Th2 cytokines play a role in tumor progression. The identification of a cytokine-related molecular signature in primary tumors, which can predict metastasis and survival, has provided an opportunity to classify these HCC cancer patients in advance. Understanding the mechanisms underlying this process would allow us to develop an effective approach to reduce HCCrelated mortality. Moreover, through interrogation of HCC genetics, cytokine SNPs may be used to define patient subgroups that may benefit from particular treatments. These types of strategies could allow for greater benefit of HCC patients by providing patient-tailored therapy. Current and new strategies and technological advances will undoubtedly enable future insight regarding the specific roles that the immune system plays in HCC. In sum, cytokines have been demonstrated to play a significant role in HCC. Despite a plethora of studies relating to cytokines and HCC, many of which have yielded results that are therapeutically promising, the full extent of the cytokine network and how it contributes to HCC remains to be understood.
